The effective technique of γ-spectroscopy using high purity germanium detector (HPGe) has been applied to determine the specific activity of 226 Ra, 232 Th and 40 K in essential vegetable samples collected from farms of Al-Diwaniyah governorate in the south of Iraq. The specific activity of natural radionuclides was measured in Tomato, Cucumber, Okra, Potato, Radish, Turnip, Spinach, Lettuce, Cauliflower and Onion. The results show that the highest specific activity of 226 Ra, 232 Th and 40 K in potato product was (11.46, 9.12 and 120.54) Bq/kg, respectively. The average value of specific activity of radium, thorium and potassium in vegetable samples was (7.67, 5.75 and 98.39) Bq/kg, respectively. The results of the radiological hazards were compared with the published data and they were found to be within the safety levels.
Introduction
The terrestrial radionuclides are one of the main categories of Naturally Occurring Radioactive Material (NORM). The terrestrial radionuclides consist of the natural series such as 238 U, 232 Th and non-series such as 40 K which are typically long-lived with a half-life of more than one hundred million years [1, 2] . Naturally, radionuclides are found in all the environmental elements. They are present in varying amounts in the air, water, vegetables, animals, soil, rocks and the human body itself [2, 3] . Alpha or beta particles which were emanated from the radionuclides may be taken into the body by absorption or inhalation. This can prompt to an addendum in the internal exposures. Some of these nuclear species are in charge of the emanation of gamma rays which produces the essential source of external exposures to humans [2] . This means that humans are exposed to both internal and external radiation out of these natural sources. Internal exposure occurs via the intake of terrestrial radionuclides through either inhalation or ingestion. The ingestion exposure dose is mostly related to 238 U and 232 Th decay series as well as 40 K through drinking and eating [4, 5] . The essential source of common foundation radiation consists of the process of weathering of the earth crust which is the complete mechanism for the redaction of terrestrial radionuclides into the dirt. Plants obtain these radionuclides via roots and leaves, while animals procure radionuclides by means of consumption of these plants. The vegetables and fruits are useful and rich in protein, minerals, vitamins and fibres which human beings are urged to consume in daily diet along with their great benefits to the general health. However, they also consist of fundamental, toxic metals and radionuclides [6] . Natural radioactivity measurements in vegetable samples have been carried out in different countries to establish baseline data from the natural radiation levels [7] [8] [9] [10] . The baseline data can be used to assess any changes in the radioactivity background level that occur due to the various activities involved in the radioactive materials fallout in the near future or when compared with future measurements. The measurements also help in the development of the standards, which can be used as future guidelines for the management of these materials. High purity germanium detector (HPGe) is normally used to determine the levels of radionuclides in vegetable samples. This technique appears particularly suitable for quantitative determination of natural radionuclides.
The aim of this study is to determine the natural radioactivity levels and evaluate the radiological hazard in vegetable samples collected from Al-Diwaniyah governorate which is located in the centre-south of Iraq, (180 km) south of Baghdad as shown in Fig.(1) . Al-Diwaniyah governorate has a total area of 8,153 km 2 and the population was estimated to be 1,320,000 people. It is situated in a predominantly agricultural region which is extensively irrigated with water provided by the Euphrates River, producing a wide range of vegetables [11] .
Materials and Methods
The present investigation was based on the study of 10 vegetable samples which included tomato, cucumber, okra, potato, radish, turnip, spinach, lettuce, cauliflower and onion were collected from of Al-Diwaniyah farms. About 2-4 kg of various vegetables, which are sufficient for getting the required amount of ash for gamma spectroscopy, were taken to the laboratory for processing. The vegetable samples were stored in polyethylene bags and labelled properly. The vegetable samples were prepared for measuring the specific activity of the natural radioactivity of 226 Ra, 232 Th and 40 K, according to IAEA protocol using high purity germanium detector (HPGe). Using tap water, the vegetable samples were flushed to evacuate the dust and contamination along with the edible portions which were retained for analysis. The samples were stove dried at 110 o C for 24 h. After that, the stove was utilized to procure vegetable ash and the stove temperature was tardily raised from 150 o C to the furthest limits of 300 o C. Each of these samples pounded and sieved by utilizing 2mm mesh size for homogenization. The samples were conserved in compartments for at least two months to affirm the radioactive balance between 226 Ra, 232 Th and their fugitive offspring [12] . High purity germanium detector system model (Canberra, USA) which has a relative efficiency of 40% at (1332 keV) for 60 Co was used to measure the natural radioactivity in vegetable samples. Spectral data from the detector was analyzed by using computer software (GINE-2000). The detector was surrounded by a lead shielding to reduce the background radiation. A s is the specific activity in Bq/kg. C n is the net count rate under peak per second. I γ is the gamma-ray emission probability at each energy. T is the time for counting (sec). m is the mass of sample (kg). In order to assess the radiological hazards, the exposure to radiation arising from 226 Ra, 232 Th and 40 K in vegetables can be determined by the following parameters such as radium equivalent activity (Ra eq ) in (Bq/kg) is the most important to assess the radiation hazards and can be expressed using the relation [14] As well as, hazard index it is referred to the internal hazard index as (H in ) and the external hazard index as (H ex ). Where H in and H ex must not exceed the limit of unity for the radiation hazard to be negligible, and estimated via the relations [14] . Table (2) show the values of the radiological hazards such as: Radium equivalent activity, absorbed dose rates and internal and external hazard indices. From Table ( 2), the highest radium equivalent activity was found in potato sample to be 32.93 Bq/kg; whereas the lowest was found in onion sample to be 15.31 Bq/kg. The absorbed dose rate range was found to be 15.91 to 7.63 nGy/h in potato and onion, respectively. The highest internal and external hazard indices were found in potato sample to be 0.122 and 0.091 respectively; whereas the lowest internal and external hazard indices were found in onion to be 0.056 and 0.042, respectively.
Results and Discussions
The results of radium equivalent activity are lower than 370 Bq/kg that is safety level reported by [17] . The dose rate is found to be lower than 59 nGy/h as reported by United Nations Scientific Committee on the Effect of Atomic Radiation Sources (UNSCEAR) [2] . Also, the values of H in and H ex are lower than unity [2] . Table ( 3) illustrates a comparison of the results in the present work with those by the previous researchers in different countries. In the current study, the specific activity of 226 Ra is higher than the reported values in India, Egypt and Pakistan, and lower than the values reported in Australia, Turkey and Nigeria. Regarding the specific activity of 232 Th, it is higher than the reported values in India, Australia, Egypt and Pakistan, and lower than the reported values in Turkey and Nigeria. It is also found that the specific activity of 40 K is lower than the reported values in India, Egypt, Turkey, Nigeria and Pakistan. When compared to those reported results in Table ( 3), the high levels of 226 Ra and 232 Th obtained in this study can be attributed to the use of fertilizers to the soil by the farmers to increase crop yield. Many studies indicated that the fertilizers may be rich in natural radioactive elements and, consequently, their use may enrich these radioactive elements in the plants [18] . 
Conclusions
The results obtained show that the specific activity of the natural radioactivity in potato, radish and turnip is higher than tomato, cucumber, okra, spinach, lettuce, cauliflower and onion because these vegetables belong to the root vegetables. The recorded values were compared with the published data and were found to be within the acceptable limits.
